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Comment on "Universal relation between the 
Kolmogorov-Sinai Entropy and the thermody- 
namic entropy in simple liquids" 

In an intriguing paper [1], Dzugutov, Aurell and Vulpi- 
ani (DAV) establish a quantitative connection in the form 
of a universal linear law between the Kolmogorov-Sinai 
entropy hxs and the excess entropy S ex for three spher- 
ical potentials: h%f /T coU = 0.62 + 1.1065^ (1). Here 
T co u is the average pair collision frequency of an equiva- 
lent hard sphere fluid. We applied this relation to a hard 
sphere fluid, comparing it with the values of h^g given 
by Dellago and Posch (DP) [2]. In Fig. 1 we plot h^s, as 
well as (1). In the calculation of the curve labelled DAV 
we used S ex — 3 — 12(9 — irna 3 )/(6 — irna 3 ) 2 based on 
the Carnahan-Starling formula for the pressure of a hard 
sphere fluid and on thermodynamic integration [1]. It is 
clear that (1) does not apply to the h^g. The same holds 
for the case of hard disk systems in two dimensions, for 
which the assumption of any linear law like (1), leads to 
the same contradictions. 



FIG. 1: Reduced has values for hard sphere fluids, labelled 
as in the text. Here m is the mass of the particles, n their 
number density, a their radius, N their number and K their 
kinetic energy. The range of na 3 used by DAV is indicated 
by the vertical lines. 

Paper [1] was inspired by an earlier one of Dzugutov 
[3] concerning a universal connection between the self 
diffusion coefficent D and S ex of a number of dense (in- 
cluding hard sphere) fluids, of the form: D* = D/Ta 2 = 
0.049e s - (2), where a is an effective hard sphere diame- 
ter. The range of density considered in [2] is 0.4 < ncr 3 < 
0.9, i.e. restricted to high fluid densities, but as shown in 
Fig. 2 the agreement of (2) and the numerical data from 
Alder, Gass and Wainwright (AGW) [4] and Erpenbeck 
and Wood (EW) [5] for hard spheres is not good. The 
problem is shown in a wider range in Fig. 3 where (2), 
transformed to D/Db, is compared with the numerical 
data of [4,5]. Here Db is the Boltzmann value for the self 
diffusion coefficient. Note that D/Db does not monoton- 
ically decrease with density, which is unphysical. Never- 


theless, a connection between dynamical (HkSi D) and 
thcrmodynamical (Sex) quantities remains a challenge. 

The authors would like to thank I.M. de Schepper for 
very elpful correspondence. 
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FIG. 2: Comparison of D* for hard spheres from the nu- 
merical data of AGW and EW with those from (2) (Dz.), in 
the range of S ex as considered by Dzugutov. Here the real S ex 
values are used, instead of the approximation of Dzugutov. 
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FIG. 3: Comparison between the numerical data of AGW 
and EW for D/Db for hard spheres and those obtained from 
(2). The the vertical lines indicate the range considered by 
Dzugutov. 
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